| INTRODUC TI ON
Despite excellent long-term survival, patients with tetralogy of Fallot (TOF) are at risk for right ventricular (RV) dysfunction. Increased cardiovascular morbidity, including ventricular arrhythmias and sudden death, has been associated with RV systolic dysfunction, but the prevalence and impact of RV diastolic dysfunction remain incompletely defined.
1-3
The American Society of Echocardiography (ASE) has established criteria for determining RV diastolic dysfunction in adults, grading it as normal, stage 1 (impaired relaxation: E/A < 0.8), stage 2 (pseudonormal: E/A 0.8-2.1 with E/e′ > 6), and stage 3 (restrictive filling: E/A > 2.1 with deceleration time <120 ms). 4 Echocardiographic measures of diastolic dysfunction, particularly E/e′, have been shown to have high sensitivity and specificity for elevated right atrial pressures. [5] [6] [7] While echocardiographic measures of RV diastolic function have established normal values in children, [8] [9] [10] these measures have not been validated, and few studies have evaluated these measures in patients with TOF.
11,12
Although studies in children and adults with TOF have demonstrated an association between diastolic dysfunction and important markers of disease severity, such as exercise intolerance and arrhythmias, 11, [13] [14] [15] [16] [17] little is known about diastolic dysfunction in midterm follow-up, and whether clinical factors such as neonatal TOF repair 
| ME THODS

| Study population and data collection
We conducted a retrospective cohort study of patients with TOF undergoing cardiac catheterization at our institution be- 
| Echocardiograms
Archived echocardiographic images were reviewed offline for the presence of both pulse wave tricuspid inflow Doppler and spectral tissue Doppler imaging at the tricuspid annulus of the RV free wall and the absence of heart block. When multiple echocardiograms were present, those closest to catheterization were utilized for review.
Tricuspid E-and A-waves, deceleration time, and spectral tissue Doppler e′ and a′ were assessed by a single observer (MPD) who was blinded to clinical characteristics. Images were obtained on iE33 echo machines (Philips Medical Systems, Andover, MA). To ensure the reproducibility of the tricuspid measurements, quantification of E/A, E/e′, and deceleration time on 10 random samples was repeated on three occasions 1 week apart. These 10 samples were also repeated by a second observer (LMR) to determine inter-reader variability. Diastolic function was classified as normal, impaired relaxation (E/A < 0.8), pseudonormal (E/A 0.8-2.1 with E/e′ ≥ 6), and
restrictive (E/A > 2.1 with deceleration time <120 ms). 
| Catheterization data
Catheterization information included age and indication for catheterization, sedation or intubation status, RV systolic pressure, pulmonary vascular resistance, RV outflow tract and branch pulmonary artery gradients, and transpulmonary gradient. RVEDP was measured at end-expiration and considered abnormally elevated if ≥10 mm Hg. RVEDP was utilized as the outcome measure due to collinearity with right atrial pressure. All available cardiac waveforms were manually reviewed for data collection.
| Clinical data
The following clinical parameters were recorded: TOF anatomy (pulmonary stenosis, pulmonary atresia, and absent pulmonary valve), gender, age at time of surgical repair, history of prematurity 
| Statistical analysis
Descriptive statistics were presented as frequency counts and percentages for categorical variables and mean ± SD or median (inter- 
| RE SULTS
Ninety-four patients were included in the study. There was an even distribution of males and females. TOF with pulmonary stenosis was present in 45 (48%), and the majority of subjects received a transannular patch for primary surgical repair (51, 56% Median
and low-normal fractional area change. The majority had an echocardiographic diagnosis of diastolic dysfunction (65%). Among stages of diastolic dysfunction, heart rate was significantly lower in subjects with restrictive physiology, and there was suggestion that right atrial area was higher in the restrictive group. There was no significant difference in age, qualitative RV function, fractional area change, tricuspid regurgitation, or pulmonary regurgitation by grade of diastolic dysfunction (Table 2) .
| Association between RVEDP and echocardiographic parameters
There was no significant difference in RVEDP based on grade of diastolic dysfunction (P = 0.5, Figure 1 ) on unadjusted or adjusted analyses (age and body surface area at time of catheterization, heart rate, and RV end-diastolic area or fractional area change). There was no association between RVEDP and either E/e′ or E/A on unadjusted or adjusted analysis (Figure 2A,B) . Interactions with age, fractional area change, and RV end-diastolic area were also not significant. There was poor TA B L E 2 Echocardiographic data by grade of diastolic dysfunction agreement between an elevated RVEDP and the presence of diastolic dysfunction by echocardiogram (κ = 0.04, Table 3 ) or an elevated E/e′ (κ = 0.04).
There was a significant association between RVEDP and right atrial area, RV end-diastolic area, and fractional area change ( Figure 2C -E). There was a modest but significant association between right atrial area and RVEDP after adjusting for weight and degree of tricuspid regurgitation (R 2 = 0.13, P = 0.001). There was a similarly modest association between RV end-diastolic area and RVEDP after adjusting for weight and degree of pulmonary regurgitation (R 2 = 0.08, P = 0.05). However, there was no significant association between indexed right atrial or end-diastolic areas and RVEDP, even when adjusting for degree of pulmonary regurgitation.
| Clinical parameters associated with diastolic dysfunction
On univariable analysis, older age at catheterization, longer time between initial surgical repair and catheterization, and greater number of follow-up procedures and catheterizations were directly associated with higher RVEDP, although these factors were not significant on mul- (95% CI 0.7, 2.7) point increase in the E/e′ ratio for each additional surgery (P = 0.001; Table 4 ).
Using diastolic dysfunction by echocardiography as a binary outcome (present or absent), older age at catheterization and longer time between surgical repair and catheterization were protective for diastolic dysfunction, while greater number of follow-up procedures follow-up procedure, P = 0.02) were independent predictors of diastolic dysfunction.
| D ISCUSS I ON
Echocardiographic measures of diastolic dysfunction and risk factors for its development in repaired TOF are poorly understood. In this study, we investigated the association between diastolic dysfunction by echocardiography and cardiac catheterization, and factors associated with diastolic dysfunction in this population. We found no association between echocardiography-derived diastolic parameters and RVEDP, but a significant association between right atrial TA B L E 3 Two-by-two and RV end-diastolic area with RVEDP, and an association between number of interim procedures with diastolic dysfunction either by echocardiography or catheterization.
| Association between RVEDP and echocardiographic parameters
Diastolic Prior conductance catheter studies demonstrating significant differences in diastolic stiffness without differences in RVEDP between restrictive and nonrestrictive TOF patients, as measured by end-diastolic forward flow, suggest that RVEDP is more reflective of load, rather than lusitropy. age at catheterization to be associated with diastolic dysfunction, a possible explanation for this our findings is that older subjects had less significant disease overall and therefore were protected from developing dysfunction. The findings of our study and others would suggest that the continued use of echocardiographic parameters as a routine part of follow-up is necessary, regardless of the lack of correlation with RVEDP.
| Association with clinical parameters
| Limitations
We acknowledge the limitations in this study. First, this study included patients referred for cardiac catheterization and thus represents a distinct subset of TOF with potentially more significant disease. Therefore, these results cannot be generalized to the population of TOF at large. Further, echocardiograms and catheterizations were not performed simultaneously, and most catheterizations required sedation. As a result, the RVEDP obtained at time of catheterization may not be reflective of the RVEDP at echocardiography due to hemodynamic changes that may have occurred due to use of anesthesia, and therefore, misclassification may have occurred.
As this is a retrospective analysis, there may be some differences in acquisition of echocardiographic parameters with respect to angle of interrogation. However, all studies were reviewed for adequacy of images prior to the inclusion. Due to a limited sample size, there were few subjects with restrictive disease, limiting our power for the most severe group of diastolic dysfunction.
| CON CLUS IONS
Diastolic dysfunction, as determined by echocardiography-derived measures and catheter-based measures (RVEDP), is prevalent in this population of TOF. These measures are not associated with each other; therefore, echocardiographic parameters of diastolic function are not reflective of RVEDP. The development of noninvasive parameters that are associated with filling pressures is required.
